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(57)  Asystem is described for monitoring the energy
efficiency of a technology component. The system may
include a memory, an interface, and a processor. The
memory may store a baseline power consumption value
for a plurality of operating states of a technology compo-
nent. The interface may communicate with a device of a
user. The processor may monitor the technology com-
ponent to determine a current power consumption value
and a current operating state of the technology compo-
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nent. The processor may determine the baseline power
consumption value corresponding to the current operat-
ing state. The processor may determine whether the cur-
rent power consumption value is within a threshold of the
baseline power consumption value. The processor may
provide an alert to a device of the user if the current power
consumption value of the technology component is not
within the threshold of the baseline power consumption
value.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
Patent Application No. 12/030,040, filed on February 12,
2008, which is incorporated by reference herein.

TECHNICAL FIELD

[0002] The present description relates generally to a
system and method, generally referred to as a system,
for monitoring the energy efficiency of technology com-
ponents, and more particularly, but not exclusively, to
monitoring the energy efficiency of an organization’s
technology components to identify and replace energy
inefficient technology components. The system may in-
clude assembling behavior models of technology com-
ponents for monitoring the energy efficiency of the tech-
nology components.

BACKGROUND

[0003] The costs and carbon impact of energy use are
becoming increasingly important to consumers, organi-
zations and governments. Organizations may be reas-
sessing their energy use in response to impending reg-
ulation, high costs, and public perception. The energy
required to operate an organization’s technology, such
as technology used in the workplace, or technology used
in a data center, may account for a significant portion of
the organization’s energy use. For example, the energy
costs attributable to a data center can run upwards of
one million dollars per month, and the carbon impact of
a data center may be significant. Organizations may be
able to reduce their energy costs and carbon impact by
operating energy efficient technology.

SUMMARY

[0004] A system for monitoring the energy efficiency
of technology components may include a memory, an
interface, and a processor. The memory may be con-
nected to the processor and the interface and may store
a baseline power consumption value for each operating
state in a plurality of operating states of a technology
component. The interface may communicate with a de-
vice of a user. The processor may monitor the technology
component to determine a current power consumption
value and a current operating state of the technology
component. The processor may determine the baseline
power consumption value corresponding to the current
operating state of the technology component. The proc-
essor may determine whether the current power con-
sumption value is within a threshold of the baseline power
consumption value. The processor may provide an alert
to a device of the user via the interface if the current
power consumption value of the technology component
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is not within the threshold of the baseline power con-
sumption value.

[0005] Other systems, methods, features and advan-
tages will be, or will become, apparent to one with skill
in the art upon examination of the following figures and
detailed description. Itis intended that all such additional
systems, methods, features and advantages be included
within this description, be within the scope of the embod-
iments, and be protected by the following claims and be
defined by the following claims. Further aspects and ad-
vantages are discussed below in conjunction with the
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The system and/or method may be better un-
derstood with reference to the following drawings and
description. Non-limiting and non-exhaustive descrip-
tions are described with reference to the following draw-
ings. The components in the figures are not necessarily
to scale, emphasis instead being placed upon illustrating
principles. In the figures, like referenced numerals may
refer to like parts throughout the different figures unless
otherwise specified.

[0007] Fig. 1is a block diagram of a general overview
of a system for monitoring the energy efficiency of tech-
nology components.

[0008] Fig. 2 is a block diagram of a network environ-
ment implementing the system of Fig. 1 or other systems
for monitoring the energy efficiency of technology com-
ponents.

[0009] Fig. 3is ablock diagram of an exemplary server
side architecture implementing the system of Fig. 1 or
other systems for monitoring the energy efficiency of
technology components.

[0010] Fig.4is aflowchartillustrating the steps of mon-
itoring the energy efficiency of a technology component
in the system of Fig. 1, or other systems for monitoring
the energy efficiency of technology components.

[0011] Fig. 5is a flowchart illustrating the steps of as-
sembling a baseline power consumption model of a tech-
nology component in the system of Fig. 1, or other sys-
tems for monitoring the energy efficiency of technology
components.

[0012] Fig. 6 is a flowchart illustrating the steps of de-
termining whether a technology component is operating
in an energy efficient manner in the system of Fig. 1, or
other systems for monitoring the energy efficiency of
technology components.

[0013] Fig. 7 is a flowchart illustrating the operations
of alerting a user of a technology component operating
in an energy inefficient manner in the system of Fig. 1,
or other systems for monitoring the energy efficiency of
technology components.

[0014] Fig. 8 is a flowchart illustrating the operations
of processing multiple implementation waves in the sys-
tem of Fig. 1, or other systems for monitoring the energy
efficiency of technology components.
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[0015] Fig. 9 is a flowchart illustrating the operations
of recommending an energy efficient technology config-
uration in the system of Fig. 1, or other systems for mon-
itoring the energy efficiency of technology components.
[0016] Fig. 10 is a screenshot of a user interface for
viewing an overview of an organization’s energy con-
sumption in the system of Fig. 1, or other systems for
monitoring the energy efficiency of technology compo-
nents.

[0017] Fig. 11 is a screenshot of a user interface for
viewing the energy consumption data of an organiza-
tion’s data centerin the system of Fig. 1, or other systems
for monitoring the energy efficiency of technology com-
ponents.

[0018] Fig. 12 is a screenshot of a user interface for
viewing the layout of an organization’s data center in the
system of Fig. 1, or other systems for monitoring the en-
ergy efficiency of technology components.

[0019] Fig. 13 is a screenshot of a user interface for
viewing the cooling layout of an organization’s data cent-
er in the system of Fig. 1, or other systems for monitoring
the energy efficiency of technology components.

[0020] Fig. 14 is an illustration of a general computer
system that may be used in the systems of Fig. 2, and
Fig. 3, or other systems for monitoring the energy effi-
ciency of technology components.

DETAILED DESCRIPTION

[0021] A system and method, generally referred to as
a system, may relate to monitoring the energy efficiency
of technology components, and more particularly, but not
exclusively, monitoring the energy efficiency of an organ-
ization’s technology components to identify and replace
energy inefficient technology components and to under-
stand the impact of changing the operational behavior of
the technology components. The system may include as-
sembling behavior models for monitoring the energy ef-
ficiency of an organization’s technology components and
accurately forecasting the performance of an organiza-
tion’s technology components. The principles described
herein may be embodied in many different forms.

[0022] The system may allow a user to monitor tech-
nology components in the data centers and/or workplac-
es of an organization to identify when a technology com-
ponent, such as a server, a power delivery unit, a cooling
unit, a laptop, or generally any technology component
used in a data center and/or a workplace, is not operating
in an energy efficient manner. The system may monitor
the power consumption of each technology component
and may compare the power consumption to a baseline
power consumption model of each component. The
baseline power consumption model may specify the pow-
er consumption expected of the technology component.
If the power consumption of a technology component is
not within a threshold of the power consumption specified
in the model, the system alerts the user that the technol-
ogy componentis notoperating as expected, i.e. the tech-
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nology component is operating in an energy inefficient
manner. The alert may include information describing
possible replacements for the technology component or
operational suggestions like turning on a back-up unit.
[0023] The system may allow an organization to en-
sure that they are operating the most energy efficient
technology components in the data centers and/or work-
places of the organization. The system may monitor the
power consumption of each technology component and
may compare the power consumption to an energy effi-
cient power consumption model of the most energy effi-
cient component capable of replacing the technology
component. The energy efficient power consumption
model may specify the power consumption expected of
the most energy efficient technology component. If the
power consumption of the technology component is not
within a threshold of the power consumption specified in
the energy efficient power consumption model, the sys-
tem alerts a user that a more energy efficient technology
component is available. The alert may include informa-
tion describing the more energy efficient replacement
component. The organization may configure the thresh-
old to control the level of energy efficiency advancements
which trigger an alert.

[0024] Although for the sake of explanation the spec-
ification discusses monitoring the energy efficiency of
technology components, the system may allow an organ-
ization to monitor any measurable parameter of a tech-
nology component. The system may allow a user to iden-
tify a parameter which can be used to monitor the behav-
ior of a technology component, such as the operating
temperature of the technology component. The system
may allow the user to assemble a behavior model for the
technology component by identifying a baseline value of
the parameter for each operating state of the technology
component. The operating states may include an offline
state, a startup state, and an online state. The system
may allow the user to set a threshold which indicates an
accepted variance of the baseline parameter value for
each operating state of the technology component. The
system may monitor the current value of the parameter
and the current operating state of the technology com-
ponent. The system may alert the user when the current
value of the parameter is not within the accepted variance
of the baseline value of the parameter in the behavior
model for the current operating state. The alert may in-
clude information describing the amount by which the
current value of the parameter deviates from the baseline
value of the parameter.

[0025] Fig. 1 provides a general overview of a system
100 for monitoring the energy efficiency of technology
components. Not all of the depicted components may be
required, however, and some implementations may in-
clude additional components. Variations in the arrange-
ment and type of the components may be made without
departing from the spirit or scope of the claims as set
forth herein. Additional, different or fewer components
may be provided.
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[0026] The system 100 may include one or more users
120A-N, a service provider 140, and an administrator
110. The users 120A-N may be responsible for maintain-
ing, upgrading, and/or developing the technology com-
ponents of an organization. The service provider 140 may
provide an application to the users - 120A-N which allows
the users 120A-N to manage the power consumption of
the technology components to ensure the technology
components are operating as expected, i.e. in an energy
efficient manner. For example, the service provider 140
may provide an application to the users 120A-N which
allows the users 120AN to view the effects of energy
saving strategies on the energy consumption of the tech-
nology components. An energy saving strategy may be
a technology implementation strategy which reduces the
energy consumption resulting from the operation of the
technology components.

[0027] The service provider 140 may also provide an
application to the users 120A-N which allows the users
120A-N to assemble baseline power consumption mod-
els for each technology component. The baseline power
consumption models may describe the expected power
consumption of the technology component. The baseline
power consumption models may account for the operat-
ing state and/or utilization of each technology compo-
nent. For example, a server operating at eighty percent
of its maximum load would be expected to consume more
power than the same server operating at forty percent of
its maximum load. The baseline power consumption
models may be assembled based on actual measured
power consumption values of each technology compo-
nent. The application may also allow the users 120A-N
to configure alerts based on the baseline power con-
sumption models, such that the users 120A-N are alerted
when the actual power consumption of a technology com-
ponent is not conforming with the expected power con-
sumptionindicated by the technology component’s base-
line power consumption model.

[0028] The administrator 110 may be a person or an
automated process, and may be responsible for main-
taining a database of technology components, and ex-
isting technology configurations. The database of tech-
nology components may include the manufacturer rated
values for the power consumption of each technology
component. The manufacturer values may be used as
the default baseline power consumption values until ac-
tual power consumption values can be measured. The
database of technology components may also include
alternative technology components which may be used
toreplace the technology components of an organization.
The baseline power consumption models of the alterna-
tive components may be based off of the manufacturer
rated values, or may be based off actual values retrieved
from of another organization’s implementation of the
component. The steps of assembling a baseline power
consumption model of a technology component are dis-
cussed in more detail in Fig. 5 below.

[0029] Alternatively orin addition the administrator 110
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may be a consultant who provides energy consulting
services to one or more clients, such as organizations.
The administrator 110 may maintain the data associated
with each of the organizations utilizing the consulting
services of the administrator 110. The administrator 110
may use the forecasts generated by the system 100 to
assist in providing energy consulting services to the or-
ganizations. The data associated with the technology
components of each of the organizations may be used
to refine the power consumption models across all of the
organizations.

[0030] In operation, the service provider 140 may pro-
vide the user A 120A with an interface allowing the user
A 120A to provide a profile of their organization’s work-
places and/or data centers, and an initial technology con-
figuration of the workplaces and/or data centers. The us-
er A 120A may provide a separate profile and technology
configuration of each workplace and/or data center op-
erated by the organization, or the user A 120A may pro-
vide an aggregate profile and configuration of all of the
workplaces and/or data centers operated by the organi-
zation. The profile information may describe the geo-
graphic location, the industry, the number of employees,
and/or any general characteristics describing the work-
places and/or data centers.

[0031] The initial configuration of a workplace and/or
data center may include information describing the in-
ventory of information technology ("IT") components of
the workplace and/or data center. The inventory of tech-
nology components in a workplace may include laptops,
monitors, desktops, printers, thin clients, network devic-
es, or generally any technology utilized in the workplace.
The inventory of technology components in a data center
may include the computing components that provide
computing capabilities, such as server components and
storage components. Alternatively or in addition the in-
ventory of technology components in a workplace and/or
data center may include support components which sup-
portthe proper functioning of the computing components,
such as lighting systems, cooling delivery, power deliv-
ery, or generally any component which supports the data
center or the workplace. The user A 120A may provide
specific information describing the technology compo-
nents, such as the specific models, or may provide a
more general description of the technology components,
such as a "high-end" server.

[0032] The system 100 may include a database of pre-
filled technology component information, which the user
A 120A may be able to browse or search. The technology
component information may include specific data de-
scribing each component, such as the make and model
of the component, the baseline power consumption mod-
el of the component, the annual operating cost of the
component, or generally any data describing a technol-
ogy component. The administrator 110 may maintain the
database and may update the database as new informa-
tion regarding technology components becomes availa-
ble. The administrator 110 may manually update the da-
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tabase or the database may be automatically updated
by a data feed. The baseline power consumption model
of a technology component may initially utilize the power
consumption values provided by the manufacturer, but
may be refined by measuring the actual power consump-
tion values of the technology component. The actual
power consumption values may be shared across all of
the organizations. Alternatively or in addition an organi-
zation may only have access to the power consumption
values measured from the organization’s technology
components.

[0033] Once the user A 120A has provided the tech-
nology configurations of the organization, the user A
120A may begin to develop one or more energy saving
strategies for each workplace and/or data center. The
strategies may represent one or more methods for re-
ducing the energy consumption of the workplaces and/or
data centers. For example, a strategy may relate to tran-
sitioning the organization’s technology components to
more energy efficient alternatives. In this example, the
strategy may provide the user A 120A with guidance on
the rate at which new equipment should be acquired, and
the type of equipment to acquire, to minimize the overall
energy consumption of the organization. The service pro-
vider 140 may provide an application to the user A 120A
which allows the user to view the forecasted effects of
each strategy on the overall energy consumption of the
organization, such as on a graph. The forecasts may uti-
lize the baseline power consumption models for each
technology component to forecast the overall energy
consumption of the organization.

[0034] The forecasts may also allow the user A 120A
to view the effects of the strategy on other variables as-
sociated with the operation of the technology compo-
nents, such as electricity costs and carbon emissions. In
order to accurately measure the effects of the strategy
on the electricity costs and carbon emissions, the user
A 120A may provide estimates for the changes in elec-
tricity costs over time, and change in the amount of car-
bon generated per kilowatt-hour of energy consumed
over time. The system 100 may apply the estimates pro-
vided by the user A 120A to the strategies identified by
the user A 120A. The system 100 may generate one or
more graphs demonstrating the effects of the estimates
on the operating and environmental costs associated
with operating the organization over a period of time uti-
lizing the baseline power consumption models of each
technology component. The user A 120A may use the
information provided in the graphs to further refine the
strategies of their workplaces and or data centers. The
steps of developing multiple waves of energy saving
strategies are discussed in more detail in Fig. 8 below.
[0035] The service provider 140 may automatically an-
alyze the technology configurations identified by the user
A 120A to determine whether the technology configura-
tions may be modified to increase the energy and/or cost
saving efficiencies. The system 100 may recommend
modifications to the configurations which may result in
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more efficient energy use by the organization. For exam-
ple, the service provider 140 may determine whether any
of the technology components may be replaced with a
more energy efficient technology component based on
the baseline power consumption models of the compo-
nents. The steps of determining whether the technology
configurations may be modified are discussed in more
detail in Fig. 9 below.

[0036] The service provider 140 may also monitor the
real-time power consumption and utilization of the organ-
ization’s technology components. The power consump-
tion and utilization of each technology component may
be compared against the baseline power consumption
model of the component. If the real-time power consump-
tion of a technology component is not within a threshold
ofthe power consumption indicated in the baseline power
consumption model, the service provider 140 may alert
the user A 120A that the technology component should
be replaced. The steps of monitoring the power con-
sumption of a technology component are discussed in
more detail in Fig. 4 below.

[0037] The service provider 140 may provide the user
A 120A with an interface for creating the threshold. The
threshold may identify an acceptable power consumption
range based on the baseline power consumption model
of each technology component. If the measured energy
consumption of the technology component is within the
range specified by the threshold, then the technology
component is considered to be operating as expected. If
the power consumption of the technology component is
not operating within the range specified by the threshold,
then the user A 120A is alerted that the technology com-
ponent should be replaced or that preventative opera-
tions should be triggered. For example, the user A 120A
may specify that a measured power consumption value
within ten percent of the baseline power consumption
values is considered acceptable. Alternatively or in ad-
dition, the user A 120A may specify one threshold that
is applied across all of the technology components. The
service provider 140 may use a default value often per-
cent until the user A 120A identifies a threshold. The
steps of determining whether a technology component
is operating in an energy efficient manner are discussed
in more detail in Fig. 6 below.

[0038] Alternatively or in addition, instead of using the
baseline power consumption model of the particular tech-
nology component implemented by the organization, the
service provider 140 may use an energy efficient power
consumption model associated with the most energy ef-
ficient technology component which performs the same
task as the technology component implemented by the
organization. The most energy efficient technology com-
ponent may be based on the measured power consump-
tion values for similar technology components across all
organizations. Alternatively or in addition the service pro-
vider 140 may retrieve power consumption models of ad-
ditional technology components from third party sources,
such as manufacturer or retailer databases. Alternatively
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or in addition the administrator 110 may input power con-
sumption models for additional technology components.
Using the energy efficient power consumption model al-
lows an organization to ensure their data centers and/or
workplaces are operating in the most energy efficient
manner possible, instead of operating in the most energy
efficientmanner achievable by their particular technology
configuration.

[0039] Fig. 2 provides a simplified view of a network
environment 200 implementing the system of Fig. 1 or
other systems for monitoring the energy efficiency of
technology components. Not all of the depicted compo-
nents may be required, however, and some implemen-
tations may include additional components not shown in
the figure. Variations in the arrangement and type of the
components may be made without departing from the
spirit or scope of the claims as set forth herein. Additional,
different or fewer components may be provided.

[0040] The network environment 200 may include one
or more users 120A-N, an administrator 110, a service
provider server 240, a third party server 250, a data store
245, networks 230, 235, and one or more web applica-
tions, standalone applications, mobile applications 220A-
N, which may collectively be referred to as client appli-
cations.

[0041] Some or all of the service provider server 240
and the third party server 250 may be in communication
with each other by way of network 235. The administrator
110 may use a web application 220A to interface with
the service provider server 240 and maintain the data-
base of technology components and technology config-
urations stored in the data store 245. Alternatively or in
addition, the administrator 110 may use a mobile appli-
cation 220N or a standalone application 220B to interface
with the service provider server 240.

[0042] The networks 230, 235 may include wide area
networks (WAN), such as the Internet, local area net-
works (LAN), campus area networks, metropolitan area
networks, or any other networks that may allow for data
communication. The network 230 may include the Inter-
net and may include all or part of network 235; network
235 may include all or part of network 230. The networks
230, 235 may be divided into sub-networks. The sub-
networks may allow access to all of the other components
connected to the networks 230, 235 in the system 200,
or the sub-networks may restrict access between the
components connected to the networks 230, 235. The
network 235 may be regarded as a public or private net-
work connection and may include, for example, a virtual
private network or an encryption or other security mech-
anism employed over the public Internet, or the like.
[0043] The web applications, standalone applications
and mobile applications 220A-N may be connected to
the network 230 in any configuration that supports data
transfer. This may include a data connection to the net-
work 230 that may be wired or wireless. Any of the web
applications, standalone applications and mobile appli-
cations 220A-N may individually be referred to as a client
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application. The web application 220A may run on any
platform that supports web content, such as a web brows-
er or acomputer, a mobile phone, personal digital assist-
ant (PDA), pager, network-enabled television, digital vid-
eo recorder, such as TIVO®, automobile and/or any ap-
pliance or platform capable of data communications. The
web application 220A may support a rich internet appli-
cation implemented with the ADOBE FLEX® technolo-
gies. Alternatively or in addition the web application 220A
may be developed using one or more of the following
technologies: ADOBE FLEXBUILDER 3®, ADOBE
FLEX SUBCLIPSE®, or generally any web development
technologies.

[0044] The standalone application 220B may run on a
machine that may have a processor, memory, a display,
a user interface and a communication interface. The
processor may be operatively connected to the memory,
display and the interfaces and may perform tasks at the
request of the standalone application 220B or the under-
lying operating system. The memory may be capable of
storing data. The display may be operatively connected
to the memory and the processor and may be capable
of displaying information to the user B 120B. The user
interface may be operatively connected to the memory,
the processor, and the display and may be capable of
interacting with a user B 120B. The communication in-
terface may be operatively connected to the memory,
and the processor, and may be capable of communicat-
ing through the networks 230, 235 with the service pro-
vider server 240. The standalone application 220B may
be programmed in any programming language that sup-
ports communication protocols. These languages may
include: SUN JAVA®, C++, C#, ASP, SUN JAVAS-
CRIPT®, asynchronous SUN JAVASCRIPT®, or ADO-
BE FLASH ACTIONSCRIPT®, ADOBE FLEX®,
amongst others.

[0045] The mobile application 220N may run on any
mobile device that may have a data connection. The data
connection may be a cellular connection, a wireless data
connection, an internet connection, an infra-red connec-
tion, a Bluetooth connection, or any other connection ca-
pable of transmitting data. For example, the mobile ap-
plication 220N may be an application running on an AP-
PLE IPHONE®.

[0046] The service provider server 240 may include
one or more of the following: an application server, a
mobile application server, a data store, a database serv-
er, and a middleware server. The service provider server
240 may exist on one machine or may be running in a
distributed configuration on one or more machines.
[0047] The service provider server 240 and client ap-
plications 220A-N may be one or more computing devic-
es of various kinds, such as the computing device in Fig.
14. Such computing devices may generally include any
device that may be configured to perform computation
and that may be capable of sending and receiving data
communications by way of one or more wired and/or wire-
less communication interfaces. Such devices may be
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configured to communicate in accordance with any of a
variety of network protocols, including but not limited to
protocols within the Transmission Control Protocol/Inter-
net Protocol (TCP/IP) protocol suite. For example, the
web application 220A may employ the Hypertext Transfer
Protocol ("HTTP") to request information, such as a web
page, from a web server, which may be a process exe-
cuting on the service provider server 240.

[0048] There may be several configurations of data-
base servers, application servers, mobile application
servers, and middleware applications included in the
service provider server 240. The data store 245 may be
part of the service provider server 240 and may be a
database server, such as MICROSOFT SQL SERVER®,
ORACLE®, IBMDB2®, SQLITE®, or any other database
software, relational or otherwise. The data store 245 may
store the technology component information, including
the power consumption models for each technology com-
ponent, and the technology configuration information of
the data centers and/or workplaces. The application serv-
er may be APACHE TOMCAT®, MICROSOFT I1IS®,
ADOBE COLDFUSION®, or any other application server
that supports communication protocols. The middleware
application may be any middleware that provides addi-
tional functionality between the application server and
the clients 220A-N, such as a PHP: HYPERTEXT PRE-
PROCESSOR ("PHP"), or a PYTHON framework, such
as a DJANGO framework.

[0049] The networks 230, 235 may be configured to
couple one computing device to another computing de-
vice to enable communication of data between the de-
vices. The networks 230, 235 may generally be enabled
to employ any form of machine-readable media for com-
municating information from one device to another. Each
of networks 230, 235 may include one or more of a wire-
less network, a wired network, a local area network
(LAN), a wide area network (WAN), a direct connection
such as through a Universal Serial Bus (USB) port, and
the like, and may include the set of interconnected net-
works that make up the Internet. The networks 230, 235
may include any communication method by which infor-
mation may travel between computing devices.

[0050] In operation, the user A 120A may access the
service provided by the service provider server 240
through the web application 220A and the network 230.
The web application 220A may download a client side
application from the service provider server 240, such as
by using ADOBE FLASH® PLAYER 9. The web applica-
tion 220A may request data from the middleware appli-
cation, such as a PHP server. The PHP server may query
the information from the data store 245 and communicate
the information to the web application 220A. The user A
120A may interact with the client side application through
the web application 220A. The data may be passed be-
tween the web application 220A and the database 245
via the PHP server. The majority of the calculations may
be performed on the service provider server 240, al-
though some calculations may be completed on the web
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application 220A in order to speed up response times.
[0051] Alternatively or in addition the client applica-
tions 220A-N may be able to function in both an online
and an offline mode. The client applications 220A-N may
include a locally cached data store for offline operations.
The local and remote data store may synchronize when
online operations are available. In one example the serv-
ice provider server 240 may use ADOBE AIR® to imple-
ment the online and offline functionality.

[0052] Fig. 3 provides a simplified view of exemplary
server side architecture 300 of the service provider server
240, or other servers implementing the system of Fig. 1
or other systems for monitoring the energy efficiency of
technology components. Not all of the depicted compo-
nents may be required, however, and some implemen-
tations may include additional components not shown in
the figure. Variations in the arrangement and type of the
components may be made without departing from the
spiritor scope of the claims as set forth herein. Additional,
different or fewer components may be provided.

[0053] The server side architecture 300 may include a
service provider server 240, power monitoring systems
350, external data sources 345, and the network 235.
The service provider server 240 may include a presen-
tation layer 310, an analytics layer 320, a data collector/
provider 330, an integration layer 340, and a data store
245,

[0054] The external data sources 345 may provide
technology component information and/or technology
configuration information to the service provider server
240 via the data collector/provider 330. The technology
component information may then be stored in the data
store 245. The technology component information may
include any data describing the technology components,
such as the power consumption models of the technology
components. The technology configuration information
may describe any existing or past technology configura-
tions of the organization. Alternatively or in addition the
technology configuration information may describe the
technology configuration of other organizations. The data
collector/provider 330 may also be used to receive any
other data relevant to the system 100, such as real-time
information on electricity prices, or the amount of carbon
generated carbon per kWh of energy consumed, or his-
torical and forecast weather information. The external
data sources 345 may be Internet based, such as the
third party server 250 of Fig. 2.

[0055] The real-time energy consumption of the work-
places and/or data centers of the organization may be
received from the power monitoring systems 350. The
power monitoring systems 350 may also be third party
servers 250 and may provide real-time visibility into elec-
tricity consumption of each technology component of the
workplace and/or data centers. For example, the tech-
nology components in the workplaces and/or data cent-
ers may be attached to network connected energy me-
ters, such as the EIG SHARK 100-S ELECTRONIC SUB-
METER. The energy meters may be capable of transmit-
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ting energy consumption data over the network 235 to
the power monitoring system 350, or directly to the serv-
ice provider server 240. The analytics layer 320 may be
an application used to perform advanced modeling, sta-
tistics, and mathematics calculations. The analytics layer
320 may allow for more sophisticated analytics to be ap-
plied with the application.

[0056] The integration layer 340 may allow the system
100 to share data with other energy forecasting applica-
tions running on the service provider server 240. For ex-
ample, the integration layer 340 may allow the system
100 to share the baseline power consumption models for
each technology component with any of the systems de-
scribed in the parent patent application, or described in
commonly assigned United States Patent Application
Serial No. 12/144,910, filed on June 24, 2008, entitled
"SYSTEM FOR PROVIDING STRATEGIES TO RE-
DUCE THE CARBON OUTPUT AND OPERATING
COSTS OF A WORKPLACE," by Zsolt Benedek et al.,
the contents of which are hereby incorporated by refer-
ence. The baseline power consumption models of the
technology components may allow these systems to uti-
lize actual measured power consumption values for the
technology components.

[0057] Fig.4is aflowchartillustrating the steps of mon-
itoring the energy efficiency of a technology component
in the system of Fig. 1, or other systems for monitoring
the energy efficiency of technology components. The
steps of Fig. 4 are described as being performed by the
service provider server 240. However, the steps may be
performed by a process running on the operating system
of the service provider server 240, by the processor of
the service provider server 240, or by any other hardware
component of the service provider server 240. Alterna-
tively the steps may be performed by an external hard-
ware component or software process.

[0058] At step 410, the service provider server 240
may assemble a baseline power consumption model for
a technology component. The baseline power consump-
tion model may describe the expected power consump-
tion of the technology component. The baseline power
consumption model may include the power consumed
by the technology component when operating in various
states, such as when operating in an offline state, an
online state, and/or a startup state. If the utilization of the
technology component can also be monitored, the power
consumption model may also incorporate the utilization
of the technology component. For example, the amount
of power consumed by a server may depend on the uti-
lization of the server. A server operating at a higher uti-
lization may consume more power than a server operat-
ing at a lower utilization. Thus, the baseline power con-
sumption of the server may also differ depending on the
utilization of the server. The steps of assembling a power
consumption model for a technology component may be
discussed in more detail in Fig. 5 below.

[0059] At step 420, the service provider server 240
may determine a threshold for the technology compo-
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nent. The threshold may indicate the acceptable power
consumption range in which the technology component
must operate within to be considered energy efficient.
The threshold may be a percentage of the values provid-
ed by the baseline power consumption model. For ex-
ample, the threshold may be ten percent of the baseline
power consumption values. In this example, if the base-
line power consumption value for a technology compo-
nentis one hundred kilowatts, then the acceptable power
consumption range may be ninety kilowatts to one hun-
dred and ten kilowatts. The steps of determining a thresh-
old for a technology component are discussed in more
detail in Fig. 6 below.

[0060] At step 430, the service provider server 240
may monitor the energy consumption of the technology
component. The service provider server 240 may monitor
the energy consumption directly, or the service provider
server 240 may receive information describing the ener-
gy consumed from the power monitoring systems 350.
For example, the service provider server 240 may be in
communication, such as via the network 235, with a meter
measuring the power consumption of the technology
component. The service provider 240 may also monitor
the current state of the technology component. The serv-
ice provider server 240 may monitor the state of the tech-
nology component directly, such as through a manage-
ment console, or the service provider server 240 may
receive information describing the state of the technology
component from an external source, such as the power
monitoring systems 350.

[0061] At step 445, the service provider server 240
may determine whether the energy consumption of the
technology component in its current state satisfies the
threshold for the technology component. For example, if
the technology component is in the offline state, the serv-
ice provider server 240 may use the baseline power con-
sumption model to retrieve the baseline power consump-
tion value for the technology component when operating
in the offline state. The service provider server 240 may
then determine if the current energy consumption of the
technology component is within the threshold of the base-
line power consumption value provided by the baseline
power consumption model for the current state. The
steps of determining if the current energy consumption
of the technology component satisfies the threshold may
be discussed in more detail in Fig. 6 below.

[0062] If, at step 445, the service provider server 240
determines that the energy consumption of the technol-
ogy component satisfies the threshold, the service pro-
vider server 240 moves to step 450. At step 450, the
service provider server 240 identifies that the technology
component is operating as expected. If, at step 445, the
service provider server 240 determines that the energy
consumption of the technology component does not sat-
isfy the threshold, the service provider server 240 moves
to step 440.

[0063] At step 440, the service provider server 240
alerts the user A 120A that the technology component is
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notoperating as expected, i.e. the technology component
is operatingin an energy inefficient manner. For example,
the service provider server 240 may send a short mes-
sage service (SMS) message, also referred to as a text
message, to a device of the user A 120A alerting the user
A 120A of the technology component operating in a en-
ergy inefficient manner. Alternatively or in addition, the
service provider server 240 may send an email, aninstant
message, or generally any form of communicating to a
device of the user A 120A to alert the user A 120A of the
technology component which is operating in an energy
inefficient manner. The notification of this event may also
automatically trigger preventative measures such as
turning on back-up systems. The steps of alerting the
user A 120A of a technology component operating in an
energy inefficient manner may be discussed in more de-
tail in Fig. 7 below.

[0064] Fig. 5 is a flowchart illustrating the steps of as-
sembling a baseline power consumption model of a tech-
nology component in the system of Fig. 1, or other sys-
tems for monitoring the energy efficiency of technology
components. The steps of Fig. 5 are described as being
performed by the service provider server 240. However,
the steps may be performed by a process running on the
operating system of the service provider server 240, by
the processor of the service provider server 240, or by
any other hardware component of the service provider
server 240. Alternatively the steps may be performed by
an external hardware component or software process.
[0065] At step 510, the service provider server 240
identifies a technology component to utilize to assemble
a baseline power consumption model. An unused tech-
nology component may be best suited for assembling a
baseline power consumption model since the age of the
technology component may effect the power consump-
tion of the technology component. In this case, the tech-
nology component may be set to the desired state and/or
utilization and the power consumption may be monitored
foraperiod of time. Alternatively orin addition, the service
provider server 240 may automatically assemble a base-
line power consumption model for each technology com-
ponent of the organization, such as when the technology
component is first added to the technology configuration
of the organization. However, in many cases the baseline
power consumption model may be assembled based on
a technology component currently in operation in a data
center and/or workplace.

[0066] At step 520, the service provider server 240
may monitor the power consumption and state of the
technology component over a period of time, such as one
week. The service provider server 240 may monitor the
power consumption and the state of the technology com-
ponent directly, or the service provider server 240 may
receive data describing the power consumption and
state, such as from the power monitoring systems 350.
The service provider server 240 may monitor the power
consumption and the state of the technology component
on a periodic basis over the period of time, such as every
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millisecond. For example, the service provider server 240
may record the current power consumption and the state
of the technology component every millisecond. The
states of the technology component may describe oper-
ations of the technology component which may require
differing levels of power consumption. For example, a
technology component may have an offline state which
refers to the technology component operating in a pow-
ered down, or low-power mode, an online state which
refers to the technology component operating in a normal
state, a startup state which refers to the transition of the
technology component from the offline state to the online
state, or generally any state which may describe an op-
eration of the technology component. In the case of a
technology component which can be measured in terms
of utilization, such as a server, the service provider server
240 may also monitor the utilization of the technology
component.

[0067] At step 530, the service provider server 240
may determine the power consumption of the technology
component over the period of time while the technology
component was operating in an offline state. For exam-
ple, the service provider server 240 may determine the
average of all of the power consumption measurements
for the technology component over the period of time
while the technology component was operating in the
offline state. The service provider server 240 may deter-
mine a smoothed average of the power consumption
measurements by using the following equation: avg = yy
+(1-y)Y, where Yrefers to the previous average, yrefers
to the current value, and v is a value between 0 and 1
randomly chosen by the service provider server 240. For
example, when yis a value near 1 the most recent meas-
urements are more heavily weighed, and a y value near
0 weighs the historical observations greater. A variance
o2 of the values used in the average may also be deter-
mined, as the average is determined, by using the fol-
lowing

equation 62 = ¢(y - Y)2 + (1- ¢)V, where Y represents
the average, yrepresents the current measured value of
the power consumption (the same value used in comput-
ing the smoothed average), V represents the previous
variance, and ¢ represents a value between 0 and 1 ran-
domly selected by the service provider server 240. For
example, setting ¢ to a value close to 0 or 1 weighs more
recent or past measurements respectively. The variance
may also be stored in the baseline power consumption
model. Alternatively or in addition, instead of determining
the average power consumption the service provider
server 240 may use the maximum power consumption
value measured for the technology component operating
in the offline state over the period of time.

[0068] At step 540, the service provider server 240
may determine the power consumption of the technology
component over the period of time while the technology
component was operating in a startup state. The service
provider server 240 may also record the amount of time
the technology component was operating in the startup
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state, i.e. the amount of time required for the technology
component to transition from the offline state to the online
state. For example, the service provider server 240 may
determine the average of all of the power consumption
measurements for the technology component over the
period of time while the technology component was op-
erating in the startup state and the average of the startup
times. The service provider server 240 may determine a
smoothed average of the power consumption and startup
time measurements by using the following equation: avg
=yy+ (1-7)Y, where Y refers to the previous average,
y refers to the current value, and yis a value between 0
and 1 randomly chosen by the service provider server
240. For example, when v is a value near 1 the most
recent measurements are more heavily weighed, and a
yvalue near 0 weighs the historical observations greater.
A variance o2 of the values used in the average may also
be determined, as the average is determined, by using
the following equation 62 = o(y - Y)2 + (1- ¢)V, where Y
represents the average, y represents the current meas-
ured value of the power consumption (the same value
used in computing the smoothed average), Vrepresents
the previous variance, and ¢ represents a value between
0 and 1 randomly selected by the service provider server
240. For example, setting ¢ to a value close to 0 or 1
weighs more recent or past measurements respectively.
The variance may also be stored in the baseline power
consumption model. Alternatively or in addition, instead
of determining the averages, the service provider server
240 may use the maximum power consumption value
and/or maximum startup time measured for the technol-
ogy component operating in the startup state over the
period of time.

[0069] At step 550, the service provider server 240
may determine the power consumption of the technology
component over the period of time while the technology
component was operating in an online state. For exam-
ple, the service provider server 240 may determine the
average of all of the power consumption measurements
for the technology component over the period of time
while the technology component was operating in the
online state. The service provider server 240 may deter-
mine a smoothed average of the power consumption
measurements by using the following equation: avg =yy
+ (1 -vy)Y, where Y refers to the previous average, y
refers to the current value, and vy is a value between 0
and 1 randomly chosen by the service provider server
240. For example, when vy is a value near 1 the most
recent measurements are more heavily weighed, and a
yvalue near 0 weighs the historical observations greater.
A variance o2 of the values used in the average may also
be determined, as the average is determined, by using
the following

equation 62 = ¢(y - Y)2 + (1- $)V, where Y represents
the average, y represents the current measured value of
the power consumption (the same value used in comput-
ing the smoothed average), V represents the previous
variance, and ¢ represents a value between 0 and 1 ran-
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domly selected by the service provider server 240. For
example, setting ¢ to a value close to 0 or 1 weighs more
recent or past measurements respectively. The variance
may also be stored in the baseline power consumption
model. Alternatively or in addition, instead of determining
the average, the service provider server 240 may use
the maximum power consumption value measured for
the technology component operating in the online state
over the period of time.

[0070] At step 555, the service provider server 240
may determine whether utilization values were monitored
for the technology component, such as at step 520. For
example, certain technology components, such as serv-
ers, may be associated with utilization values which may
be monitored by the service provider server 240. The
utilization values may further describe the baseline power
consumption values of the technology component oper-
ating in the online state. For example, the utilization of a
server may refer to the percentage of memory or central
processing unit (CPU) resources currently used by the
server. In another example, the utilization of a cooling
unit may refer to the fractions of tons of cooling delivered
over maximum capacity for the heating, ventilating and
air conditioning (HVAC) system, or the utilization may
refer to the current fan speed divided by the maximum
fan speed. In another example, the utilization of power
delivery components, such as an uninterruptible power
supply (UPS) and power delivery units (PDU), may refer
to the fraction of the power delivered by the component
divided by the power capacity of the component.

[0071] If, at step 555, the service provider 240 deter-
mines that utilization values were monitored for the tech-
nology component, the service provider server 240
moves to step 560. At step 560, the service provider serv-
er 240 determines the power consumption of the tech-
nology component at varying intervals of the utilization
values. For example, if the utilization is measured as a
percentage, the service provider server 240 may deter-
mine the power consumption of the technology compo-
nent at ten percent intervals. Thus, the service provider
server 240 may determine the power consumption of the
technology component operating at ten percent utiliza-
tion, twenty percent utilization, etc. The service provider
server 240 may determine the average of all of the power
consumption measurements for the technology compo-
nent over the period of time while the technology com-
ponent was operating at each identified utilization inter-
val. The service provider server 240 may determine a
smoothed average of the power consumption measure-
ments for each utilization interval by using the following
equation: avg =yy + (1-7)Y, where Yrefers to the pre-
vious average, y refers to the current value, and yis a
value between 0 and 1 randomly chosen by the service
provider server 240. For example, when yis a value near
1 the most recent measurements are more heavily
weighed, and a y value near 0 weighs the historical ob-
servations greater. A variance ¢ of the values used in
the average may also be determined, as the average is
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determined, by using the following equation 62 = ¢(y -
Y)2 + (1- )V, where Y represents the average, y repre-
sents the current measured value of the power consump-
tion (the same value used in computing the smoothed
average), Vrepresents the previous variance, and ¢ rep-
resents a value between 0 and 1 randomly selected by
the service provider server 240. For example, setting ¢
to a value close to 0 or 1 weighs more recent or past
measurements respectively. The variance may also be
stored in the baseline power consumption model. Alter-
natively or in addition, instead of determining the aver-
ages, the service provider server 240 may use the max-
imum power consumption value measured for the tech-
nology component operating at each utilization level over
the period of time.

[0072] If, at step 555, the service provider server 240
determines that utilization values were not monitored for
the technology component, the service provider server
240 moves to step 570. At step 570, the service provider
server 240 assembles the baseline power consumption
model for the technology component. The baseline pow-
er consumption model may receive the state of a tech-
nology component as an input and may provide the base-
line power consumption of the technology component
operatingin the inputted state. In the case of atechnology
component with a utilization capable of being monitored,
the baseline power consumption model may also receive
a utilization value as an input and may provide the base-
line power consumption value of the technology compo-
nent operating at the inputted utilization as an output.
[0073] For example, the baseline power consumption
model may map each operating state with the determined
baseline power consumptions for the operating state. In
the case of a technology component associated with a
utilization capable of being monitored, the model may
map the online state, and a utilization value, to the de-
termined baseline power consumption value for the uti-
lization. The model may also utilize curve fitting algo-
rithms, such as a Gauss-Newton algorithm or a linear
least square method, to form a continuous representation
of the baseline power consumption as a function of utili-
zation. The shape of the continuous function may vary
based on the component. For example, a linear type may
be used for computing components, such as servers, and
a non-linear type may be used for support components,
such as PDUs or HVAC systems.

[0074] In the case of the computing components, the
service provider server 240 may apply the measured uti-
lization and power values to the following equation where
PC refers to the power consumption and U refers to the
utilization:

PC = a U+ b. The linear least squares method may be
used to solve for aand b. Once a and b are determined,
the baseline power consumption value can be calculated
for any given utilization.

[0075] Inthecase ofthe supportcomponents, the serv-
ice provider server 240 may apply the measured utiliza-
tion and power values to the following equation where
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PC refers to the power consumption and U refers to the
utilization:

alU
b+U

be usedto solve foraand b. Once aand bare determined,
the baseline power consumption value can be calculated
for any given utilization.

[0076] At step 580, the service provider server 240
may store the baseline power consumption model for the
technology component in the data store 245. The service
provider server 240 may also store an association be-
tween the technology component and the baseline power
consumption model in the data store 245.

[0077] Fig. 6 is a flowchart illustrating the steps of de-
termining whether a technology component is operating
in an energy efficient manner in the system of Fig. 1, or
other systems for monitoring the energy efficiency of
technology components. The steps of Fig. 6 are de-
scribed as being performed by the service provider server
240. However, the steps may be performed by a process
running on the operating system of the service provider
server 240, by the processor of the service provider serv-
er 240, or by any other hardware component of the serv-
ice provider server 240. Alternatively the steps may be
performed by an external hardware component or soft-
ware process.

[0078] At step 610, the service provider server 240
may retrieve the current power consumption value of a
technology component. For example, the service provid-
erserver 240 may measure the power consumption value
of a technology component directly, or the service pro-
vider server 240 may receive the current power con-
sumption value from the power monitoring systems 350,
or an external source. At step 620, the service provider
server 240 may identify the current operating state of the
technology component. The service provider server 240
may monitor the operating state of the technology com-
ponent directly, or the operating state of the technology
component may be monitored by the power monitoring
systems 350, or an external source.

[0079] Atstep 625, the service provider server 240 de-
termines whether the component is operating in the on-
line state. If the component is operating in the online
state, the service provider server 240 moves to step 635.
At step 635, the service provider server 240 determines
whether utilization values are monitored for the technol-
ogy component. If, at step 635, the service provider serv-
er 240 determines that the utilization values of the tech-
nology component are being monitored, the service pro-
vider server 240 moves to step 640. At step 640, the
service provider server 240 determines the baseline pow-
er consumption value of the technology component at
the current utilization value. The baseline power con-
sumption value of the technology component may be de-
termined by inputting the current utilization value of the
technology component into the baseline power con-

PC=

The Gauss-Newton algorithm can
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sumption model for the technology component.

[0080] If, at step 625, the service provider server 240
determines that the technology component is not oper-
ating in the online state, the service provider server 240
moves to step 650. If, at step 635, the service provider
server 240 determines that the utilization values of the
technology component are not monitored, the service
provider server 240 moves to step 650. At step 650, the
service provider server 240 determines the baseline pow-
er consumption value of the technology component op-
erating in the current state. The service provider 240 may
determine the baseline power consumption value by in-
putting the current state into the baseline power con-
sumption model for the technology component.

[0081] Atstep 660, the service provider server 660 de-
termines the upper and lower bounds of the threshold.
The upper and lower bounds of the threshold may de-
scribe the acceptable range of power consumption val-
ues around the baseline power consumption value. For
example, the user A 120A may provide a percentage
threshold, such as ten percent. In this case, the upper
bound of the threshold would be one hundred and ten
percent of the baseline power consumption value and
the lower bound of the threshold would be ninety percent
of the baseline power consumption value.

[0082] Alternatively or in addition, the service provider
server 240 may utilize a confidence value in determining
the upper and lower bounds of the threshold. The confi-
dence value may be used to choose the upper and lower
bounds of the threshold such that the current power con-
sumption value being outside of the threshold is bounded
by the confidence value, such as a percentage value of
ninety percent, ninety-five percent, etc. The confidence
values may trade off the likelihood of not alerting the user
A 120A of a technology component operating in an en-
ergy inefficient manner when the confidence value is set
too low, such as close to zero percent, against the like-
lihood of mistakenly identifying a technology component
as operating in an energy inefficient manner when the
confidence value is set too high, such as towards one
hundred percent.

[0083] For example, if the confidence value is set to
ten percent, the upper and lower bounds may be deter-
mined such that any measured power consumption value
will only have a ten percent chance of not being within
the upper and lower bounds. Since only one out of ten
measured values may fall outside of the upper and lower
bounds, there may be a possibility that the user A 120A
is not alerted to a technology component operating in an
energy inefficient manner. Alternatively, if the confidence
value is set to ninety percent, then any monitored power
consumption value will have a ninety percent chance of
not being within the upper and lower bounds. In this case,
because ninety percent of the monitored power con-
sumption values will fall outside of the bounds, the user
A 120A may mistakenly be alerted of a technology com-
ponent when the technology component is actually op-
erating as expected.
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[0084] The user A 120A may choose a confidence val-
ue for each technology component depending upon the
importance of the technology component. For example,
if a technology component is critical to the operation of
a data center and/or workplace, the user A 120A may set
the confidence value high, such as ninety percent. The
user A 120A may prefer to mistakenly receive an alert of
a technology component operating as expected rather
than potentially not receiving an alert of a technology
component operating in an energy inefficient manner.
[0085] The confidence value P provided by the user A
120A may be used with the baseline power consumption
value y, and the variance 62 associated with the baseline
power consumption value (as determined in Fig. 6 above)
in the following equations to determine the lower bound
A and the upper bound B of the threshold.

[0086] Markov’s inequality may be used to determine
the upper bound B of the threshold when the lower bound
A is not needed, or can be set to zero. For example, it
may be critical that power consumption of a technology
component does not a certain threshold to avoid over-
heating the technology component or over-burdening the
power grid. In this example, the lower bound A may be
set to 0 and the upper bound B may be set to y/P. By
setting A to 0 and B to y/P, applying Markov’s inequality
would result in bounding the

probability Pr(y’> B) < P, which indicates that the prob-
ability of any measured power consumption value y be-
ing greater than or equal to the upper bound B is less
than or equal to the probability P identified by the user A
120A.

[0087] Chebyshev’s inequality may be used to deter-
mine the lower bound A and the upper bound B. Cheby-
shev’s inequality states that

2
o
Pr(~a<y'-y < o) < — Wwhere for some
a

> 0. The lower bound A may be set to

A= y—0 /P and the upper bound B may be set

o} = % + O—./P _ Bysetling Aand Bas described,

Chebyshev’s inequality bounds the probability Pr (A< y’
<B)< P, whichindicates that the probability of any meas-
ured power consumption value y’ being within the bounds
of Aand Bis less than or equal to the probability Piden-
tified by the user A 120A.

[0088] The Central Limit Theorem may be used to de-
termine the lower bound A, and the upper bound B, of
the threshold. The theorem states that

" 2
7. (y'=Ny)

T oJN

Gaussian) distribution with a mean of 0 and a variance
of 1, where N represents the number of measured power

follows a standard normal (or
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consumption values used to determine y, and Z repre-
sents the standard normal. Using the distribution function
of the standard normal random variable:

Pr(-B < Z< B) = ®(PB) - ©(-B) = 2®(B) - 1, where @ ()
represents the distribution function of the standard nor-
mal and can be determined numerically, and B is set such
that P = 20(B) -1. The lower bound A can be set to

A= Ny — ﬁo'qlN , Where N represents the

number of values used to calculate y, and the upper

bound Bcanbesetto B — Ny + IBO-./N _ These

values of A and B applied to the Central Limit Theorem
imply Pr(A < y< B) < P, which indicates the probability
of any measured power consumption value y’ being with-
in the bounds of A and B is less than or equal to the
probability P identified by the user A 120A. Thus, when-
ever an measured power consumption value y’ exceeds
the threshold, an alert is triggered to signal that an un-
likely event has occurred and may indicate a deviation
from energy efficient operations of the technology com-
ponent.

[0089] At step 665, the service provider server 240
may determine whether the current energy consumption
value satisfies the threshold. For example, the current
energy consumption value may satisfy the threshold if
the current energy consumption value is within the upper
and lower bounds of the threshold. If, at step 665, the
service provider server 240 determines that the current
energy consumption value satisfies the threshold, the
service provider server 240 moves to step 680. At step
680, the service provider server 240 returns data indicat-
ing that the current energy consumption value satisfies
the threshold. If, at step 665, the service provider server
240 determines that the current energy consumption val-
ue does not satisfy the threshold, the service provider
server 240 moves to step 670. At step 670, the service
provider server 240 returns data indicating that the cur-
rent energy consumption value does not satisfy the
threshold.

[0090] Fig.7is aflowchartillustrating the steps of alert-
ing a user of a technology component operating in an
energy inefficient manner in the system of Fig. 1, or other
systems for monitoring the energy efficiency of technol-
ogy components. The steps of Fig. 7 are described as
being performed by the service provider server 240. How-
ever, the steps may be performed by a process running
on the operating system of the service provider server
240, by the processor of the service provider server 240,
or by any other hardware component of the service pro-
vider server 240. Alternatively the steps may be per-
formed by an external hardware component or software
process.

[0091] At step 710, the service provider server 240
identifies the technology component operating in an en-
ergy inefficient manner. At step 720, the service provider
server 240, retrieves information from the data store 245
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describing a replacement component for the component
operating in an energy inefficient manner. The informa-
tion may include the make, model number, price of the
replacement, and a network identifier of a web site for
ordering the replacement component. At step 725, the
service provider server 240 may determine whether the
data store 245 contains any alternative technology com-
ponents which can be used in place of the technology
component operating in an energy inefficient manner.
The service provider server 240 may determine whether
any available alternative technology components are ca-
pable of operating in a more energy efficient manner the
current component.

[0092] If, at step 725, the service provider server 240
identifies an alternative component in the data store 245
offering better energy efficiency, the service provider
server 240 moves to step 730. At step 730, the service
provider server 240 retrieves information from the data
store 245 describing the alternative replacement compo-
nent, such as the make, model number, price, and a net-
work identifier of a web site for ordering the alternative
replacement component.

[0093] If, at step 725, the service provider server 240
does not identify an alternative replacement component
capable of better energy efficiency, the service provider
server 240 moves tot step 740. At step 740, the service
provider server 240 generates the data for the alert in-
cluding the replacement component information and any
identified alternative replacement component informa-
tion. The alert may further include information describing
the current energy consumption of the technology com-
ponent and a description of potential causes for the tech-
nology component operating in an energy inefficient
manner. For example, if the power consumption of the
technology component is zero, then the technology com-
ponent may have completely failed. In another example,
if the technology component is old and only slightly de-
viating from the threshold, the description may indicate
that the technology is old and in need of replacement.
[0094] Alternatively orin addition, the service provider
server 240 may categorize the alerts based on the im-
portance of replacing the technology component operat-
ing in an energy inefficient manner. The alerts may be
sent and/or displayed according to an importance level
of repairing and/or replacing the technology component
operating in an energy inefficient manner. For example,
if the technology component failed completely, and the
technology component is critical to the operations of the
data center and/or workplace, the alert may be sent
and/or displayed according to a high importance level.
Alternatively or in addition, if the component is not critical
to the operations and is only slightly deviating from the
baseline power consumption value, the alert may be sent
and/or displayed according to a lower importance level.
For example, an alert sent in accordance with a high im-
portance level may be sent directly to the administrator
110 and/or may be displayed to the user A 120A in a
manner which emphasizes the high importance level,
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such as red colored text.

[0095] At step 750, the service provider 240 provides
the alertto the user A 120A, and/or the administrator 110.
The alert may be provided to the user A 110A and/or the
administrator 110 through one or more of an email, an
SMS message, a voicemail, an instant message, or gen-
erally any method of communicating over the network
230. Alternatively or in addition, the service provider serv-
er 240 may only send the alert to the administrator 110
when the importance of the alert meets an importance
threshold, such as an alert of high importance. Alterna-
tively or in addition, the service provider server 240 may
determine the method of communicating the alert based
on the importance of the alert. For example, an alert with
a high importance level may be communicated to the
administrator 110 by dialing the home phone number or
mobile phone number of the administrator 110 and play-
ing a message describing the alert, while an alert with a
low importance level may be sent by email to the user A
120A.

[0096] Fig. 8 is a flowchart illustrating the steps of
processing multiple implementation waves in the system
of Fig. 1, or other systems for monitoring the energy ef-
ficiency of technology components. The steps of Fig. 8
are described as being performed by the service provider
server 240. However, the steps may be performed by a
process running on the operating system of the service
provider server 240, by the processor of the service pro-
vider server 240, or by any other hardware component
of the service provider server 240. Alternatively the steps
may be performed by an external hardware component
or software process.

[0097] The user A 120A may use multiple implemen-
tation waves to forecast the cumulative effects of multiple
energy saving strategies applied to a workplace and/or
data center in serial or in parallel over a period of time.
At step 805, the user A 120A may identify the initial tech-
nology configuration and profile of a workplace and/or
data center. The technology configuration may be a gen-
eral description using average values to describe the
technology components, or a detailed description cap-
turing the baseline power consumption models of the ac-
tual technology components used in the workplace
and/or data center. The profile of the workplace and/or
data center may include the location, the number of em-
ployees, and an industry associated with the workplace
and/or data center, or generally any data that might affect
the energy consumption of the workplace and/or data
center. Alternatively or in addition the user A 120A may
provide a data file, such as a MICROSOFT EXCEL file,
an extensible markup language (XML) file, or generally
any data file, with an initial technology configuration to
the service provider server 240. The service provider
server 240 may process the file and load the values of
the file into the data store 245.

[0098] At step 810, the user A 120A may provide an
initial energy cost forecast, and tons of carbon generated
per kilowatt of energy consumed forecast. The user A
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120A may create one or more trends with the one or more
sets of forecasted values. The service provider server
240 may display a visual representation of the projected
energy costs and carbon emissions of the initial technol-
ogy configuration based on the forecasts of the user A
120A and the power consumption models of each tech-
nology component in the technology configuration.
[0099] The service provider server 240 may also pro-
vide the user A 120A with expert suggestions for the fore-
casts, such as expert predictions of the increase in the
cost of electricity or expert predictions of the tons of car-
bon generated per kilowatt hour of energy consumed.
The expert predictions may be retrieved from govern-
ment reports, such as reports including data and analysis
conducted by government agencies. Alternatively or in
addition the expert predictions may be retrieved from in-
dustry experts, such as experts who may provide their
predictions for the forecasts which may affect their busi-
ness. The industry experts may be vendors and/or ana-
lysts, such as GARDNER, IDC, and/or FORRESTER.
Alternatively or in addition the expert predictions may be
retrieved from ACCENTURE experts who may create
their own pre-configured projects to make the knowledge
available to the users 120A-N.

[0100] At step 815, the user A 120A may identify the
timeframe forimplementing the first strategy. The service
provider server 240 may use the timeframe to determine
the projected energy needs and costs of operating the
workplace and/or data center. At step 820, the user A
120A may select a strategy for the current timeframe. If
the user A 120A selects more than one strategy the serv-
ice provider server 240 may suggest an order in which
the strategies should be implemented. The order may be
optimized relative to the forecasts for the energy costs
and the carbon emissions per kWh, or other factors. A
method for determining the optimum order may be to
compute the energy savings achievable for all possible
arrangements of the strategies and provide the order of
the strategies capable of achieving the greatest energy
savings to the user A 120A.

[0101] At step 830, the service provider server 240
may project the impact of implementing the selected in-
itiative to the workplace. The projection may account for
all forecasted values, such as energy costs and the
amount of carbon generated per kilowatt of energy con-
sumed. The projection may utilize the baseline power
consumption models of the technology components in
the technology configuration. The service provider server
240 may suggest a technology configuration best suited
to implement the selected strategy.

[0102] Alternatively or in addition the system 100 may
allow the user A 120A to view real-time estimates show-
ing relevant planning metrics as the user A 120A selects
initiatives and/or updates their technology configuration.
The metrics may include the energy use in kWh, the car-
bon footprint, the implementation and operation cost, or
generally any metric that may be of interest to the user
A 120A. The metrics may be determined using the base-
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line power consumption models of the technology com-
ponents.

[0103] At step 840, the user A 120A may update the
technology configuration data with the technology con-
figuration suggested by the service provider server 240.
Alternatively orin addition the user A 120A may disregard
the suggestion of the service provider server 240 and
update the technology configuration data based on their
own assessment. At step 850, the user A 120A may iden-
tify whether they wish to plan more waves of energy sav-
ings strategies. If, at step 850, the user A 120A wishes
to plan out another wave, the system 100 moves to step
855, otherwise the service provider server 240 moves to
step 860. At step 855, the user A 120A may identify the
timeframe of the next wave and then the service provider
server 240 may move to step 820.

[0104] At step 860, the service provider server 240
may process all the waves created by the user A 120A
to generate the projected aggregate results of the waves
on the carbon emissions, electricity cost, operating cost,
and energy use of the workplace and/or data center. The
service provider server 240 may use the baseline power
consumption models for the technology components
when generating the projected aggregate results of the
waves on the carbon emissions, electricity cost, operat-
ing cost, and energy use. The service provider server
240 may generate one or more graphs showing the pro-
jected values of these values over the course of the
planned timeframe.

[0105] If the user A 120A has identified multiple strat-
egies per wave and an order of the strategies within the
waves, the service provider server 240 may provide a
schedule of planned implementation dates of the wave
plans. Alternatively or in addition the user A 120A may
manually specify the timing of the wave deployment. The
schedule may be optimized relative to the forecasts for
electricity cost, carbon emissions per kWh, or other fac-
tors. The order of deployment may also be optimized
based on operational expenses, capital expenses, or oth-
er measures. For example, to minimize capital expendi-
tures ("CAPEX"), the service provider server 240 may
suggest timing of initiatives in a manner that leverages
the savings garnered from the previous waves to finance
the cost of later waves. This may require the forecasted
cost of the electricity as an input. Alternatively or in ad-
dition, to lower operational expenditure ("OPEX") con-
straint to an annual budget, the service provider server
240 may suggest a timing of initiatives to coincide with
changes in energy prices.

[0106] At step 870, the service provider server 240
may display the graphs and projected results to the user
A 120A via the web application 220A. The service pro-
vider server 240 may also provide the user A 120A with
arating and assessment of their workplace strategy. The
ratingmay be based on the strategies and energy savings
achieved by other organizations.

[0107] Alternatively or in addition the service provider
server 240 may allow the user A 120A to create multiple
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workplace and/or data center instances, or multiple pro-
files, for the same workplace and/or data center. The
multiple instances may allow the user A 120A to compare
the effects of different strategies and/or forecast values
on a workplace. For each instance the user A 120A may
specify separate headcounts, strategies, waves, or gen-
erally any data associated with the workplace and or data
center.

[0108] The user A 120A may be able to manage the
strategy planning across multiple workplaces and/or data
centers so as to ensure that the entire organizational en-
ergy savings strategy is optimized. The system 100 may
allow the user A 120A to view the current or initial con-
figuration of the workplaces and/or data centers, as well
as view the projections of their planned changes across
all of the workplaces and/or data centers.

[0109] Fig. 9is a flowchart illustrating the steps of rec-
ommending an energy efficient technology configuration
in the system of Fig. 1, or other systems for monitoring
the energy efficiency of technology components. The
steps of Fig. 9 are described as being performed by the
service provider server 240. However, the steps may be
performed by a process running on the operating system
of the service provider server 240, by the processor of
the service provider server 240, or by any other hardware
component of the service provider server 240. Alterna-
tively the steps may be performed by an external hard-
ware component or software process.

[0110] At step 910, the service provider server 240
may retrieve the current technology configuration data
of the user A 120A. The configuration data may include
the initial and/or current technology component inventory
of the user A 120A. The inventory data may include spe-
cific make and model numbers of the technology com-
ponents used by the organization.

[0111] At step 920, the service provider server 240
may identify the first technology component of the organ-
ization, such as a monitor. At step 930, the service pro-
vider server 240 may search the data store 245 for a
component thatis more efficient, either cost-wise, power-
consumption wise, or carbon emissionswise, than the
component currently used by the organization. For ex-
ample, the service provider server 240 may identify a
monitor that has a baseline power consumption model
which is more energy efficient than the baseline power
consumption model of the monitor currently used by the
organization. Alternatively or in addition, the service pro-
vider server 240 may attempt to convert multiple tech-
nology components into more efficient components, such
as converting laptop and desktop computers to a thin
client infrastructure. At step 935, the service provider
server 240 may determine whether a more efficient com-
ponent exists, capable of replacing one or more compo-
nents in the current technology configuration of the or-
ganization.

[0112] If, at step 935, the service provider server 240
determines that a more efficient component exists, the
service provider server 240 may move to step 950. At
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step 950, the service provider server 240 may add the
more efficient component to a recommended technology
configuration. If, at step 935, the service provider server
240 determines that a more efficient component does
not exist, then the service provider server 240 may move
to step 940. At step 940, the service provider server 240
may add the current component to the recommended
technology configuration. At step 955, the service pro-
vider server 240 may determine whether there are addi-
tional technology components to analyze in the technol-
ogy configuration. If, at step 955, the service provider
server 240 determines there are additional technology
components to analyze, then the service provider server
240 may move to step 960. At step 960, the service pro-
vider server 240 may identify the next component to an-
alyze and may repeat the steps of determining whether
a more efficient component exists.

[0113] After analyzing each of the components in the
technology configuration, and generating a recommend-
ed technology configuration, the service provider server
240 may move to step 970. At step 970, the service pro-
vider server 240 may determine the cost of the recom-
mended technology configuration and the carbon output
of the recommended technology configuration. If the rec-
ommended technology configuration is identical to the
initial technology configuration of the user A 120A then
the service provider 140 may report to the user A 120A
that there are no optimizations to their technology con-
figuration.

[0114] At step 970, the service provider server 240
may display a comparison of the current technology con-
figuration and the recommended technology configura-
tion to the user A 120A via the web application 220A.
The comparison may display to the user A 120A the an-
nual costs and the annual carbon emissions achieved by
the current technology configuration of the user A 120A,
and those achieved by the recommended technology
configuration. The annual costs and the annual carbon
emissions may be determined using the baseline power
consumption models for the technology components in
the current technology configuration and the technology
components in the recommended technology configura-
tion. At step 980, the service provider server 240 may
display a forecast of the future energy and cost savings
achievable by the recommended technology configura-
tion over the initial technology configuration of the user
A 120A. At step 990, the service provider server 240 may
offer the user A 120A the option to purchase the tech-
nology components necessary to convert their current
technology configuration to the recommended technolo-
gy configuration. The service provider server 240 may
sell the equipment directly to the user A 120A or the serv-
ice provider server 240 may refer the user A 120A to a
retailer. If the service provider server 240 refers the user
A 120Ato aretailer, the service provider 140 may receive
a referral fee or a percentage of any purchases made by
the user A 120A.

[0115] Fig. 10is a screenshot of a user interface 1000
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for viewing an overview of an organization’s energy con-
sumption in the system of Fig. 1, or other systems for
monitoring the energy efficiency of technology compo-
nents. The user interface 1000 may include a document
subsection 1010, a map subsection 1020, and a naviga-
tion subsection 1030. The document subsection 1010
may provide the user A 120A with links to documents
relevant to the user interface 1000. The map subsection
1020 may display the locations of one or more workplac-
es and/or data centers of the organization. The locations
may include location descriptions 1024 and location but-
tons 1022. The navigation subsection 1030 may allow
the user A 120A to view and navigate to different locations
of the organization’s data centers and/or workplaces.
[0116] In operation, the user A 120A may view the or-
ganization’s data centers and/or workplaces that are lo-
cated within the geographic region displayed in the map
subsection 1020. The user A 120A may click on a differ-
ent geographic region in the navigation subsection 1030
to view a different geographic region in the map subsec-
tion 1030. The location descriptions 1024 may include
information describing a data center and/or workplace.
The location descriptions 1024 may include the power
use of the location, the electricity cost of the location, the
power usage effectiveness (PUE) of the location and the
capacity of the location. The location descriptions 1024
may also include a visual indicator and/or audio indicator
to indicate that a technology component located at the
location is operating in an energy inefficient manner. The
visual indicator may include a change in the fonts, colors,
or size of the text, or may include a graphical icon, such
as an exclamation point. Generally the visual indicator
may include any graphical indication capable of causing
the location description 1024 to capture the attention of
the user A 120A. The audio indicator may include an
audio beep, or generally any sound which may capture
the attention of the user A 120A. The user A 120A may
click on the location button 1022 for a more detailed view
of the data center and/or workplace, such as the view
provided by the user interface 1100.

[0117] Fig. 11 is a screenshot of a user interface 1100
for viewing the energy consumption data of an organiza-
tion’s data center in the system of Fig. 1, or other systems
for monitoring the energy efficiency of technology com-
ponents. The user interface 1100 may include a link sub-
section 1110, a contact subsection 1120, a metric sub-
section 1130, a date range subsection 1140, a graph
subsection 1150, a navigation subsection 1160, and a
PUE subsection 1170. The links subsection 1110 may
display links relevant to the user interface 1100. The con-
tact subsection 1120 may display contact information rel-
evant to the user interface 1100, such as contact infor-
mation of the administrator 110. The metric subsection
1130 may display metric information relating to the data
center and/or workplace. For example, the metric sub-
section 1130 may display power allocation, in absolute
numbers and/or in percentages, the overall PUE, the av-
erage, peak, and real-time power consumption, the av-
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erage, peak, and real-time carbon footprint, and the pow-
er, cooling and heating capacities and costs. The date
range subsection 1140 may allow a user A 120A to
change the date range of the data displayed in the metric
subsection 1130. The graph subsection 1150 may pro-
vide a graphical display of the data displayed in the metric
subsection 1130. The navigation subsection 1160 may
allow a user A 120A to navigate to user interfaces for
viewing additional metrics, such as carbon output, energy
cost, and power consumption. The PUE subsection
1170, may provide a graphical display of the PUE of the
location.

[0118] The user interface 1100 may also include an
alert subsection which may display any alerts associated
with a technology component located within the data
center and/or workplace represented by the user inter-
face 1100. For example, if a technology component lo-
cated within the data center is operating in an energy
inefficient manner, the user interface 1100 may include
an alert to notify the user A 120A of the technology com-
ponent.

[0119] Fig. 12is a screenshot of a user interface 1200
for viewing the layout of an organization’s data center in
the system of Fig. 1, or other systems for monitoring the
energy efficiency of technology components. The user
interface 1200 may include a link subsection 1110, and
a layout subsection 1210. The layout subsection may
include one or more racks 1215. The racks 1215 may
display an identifier of the rack, such as a name of the
rack, a network identifier associated with the rack, such
as aninternet protocol (IP) address, and the power usage
of the rack. The user interface 1200 may also identify
where the cold aisles are located in the layout, and dis-
play the temperature and humidity of each cold aisle. The
user interface 1200 may also display the power allocation
by row and the power, cooling, and heating capacity by
row. If a technology component located within one of the
racks is operating in an energy inefficient manner, the
rack 1215 containing the technology component may in-
clude a visual indicator to indicate that a technology com-
ponent within the rack requires attention. For example,
the visual indicator may be a flashing red indicator, or a
yellow exclamation point, or generally any indicator ca-
pable of capturing the attention of the user A 120A.
[0120] Alternatively or in addition, if the data center
and/or workplace are shared by multiple organizations
or multiple departments of an organization, the service
provider server 240 may also provide the user A 120A
with user interfaces for viewing the power, cooling, and
heating allocation per department or organization, in ab-
solute numbers and/or in percentages. The user inter-
faces may also display the cost of power, cooling, and
heating per department or organization.

[0121] Fig. 13 is a screenshot of a user interface 1300
for viewing the cooling layout of an organization’s data
center in the system of Fig. 1, or other systems for mon-
itoring the energy efficiency of technology components.
The user interface 1300 may display the utilization, on/off
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status and alerts for each technology component repre-
sented in the cooling layout. The alerts may be displayed
with a visual indicator to indicate that the technology com-
ponent with an alert that indicates to the user A 120A
and/or a computer processor that immediate attention is
required. The user A 120A may click on the technology
component to view the details of the alert. The user in-
terface 1300 may also display the overall power con-
sumed versus the overall cooling delivered for each tech-
nology component represented in the cooling layout. The
user interface 1300 may provide the user A 120A with
insight into when to turn the cooling units on and/or off.
[0122] The user interface 1300 may allow the user A
120A to view the upper and lower temperature bounds
for each of the technology components displayed in the
user interface 1300. The user interface 1300 may also
allowthe user A 120A to modify the thresholds associated
with each of the technology components and/or to modify
the upper and lower bounds associated with each of the
technology components. The user interface 1300 may
display audio and/or visual alerts when the monitored
values of the technology components are outside of the
threshold. For example, the user interface 1300 may dis-
play an alert message on the screen. The color, text size
and font of the alert message may be changed to em-
phasize the message to the user A 120A. Alternatively
or in addition, the location of the message on the user
interface 1300 may change to emphasize the message
to the user A 120A. For example, the alert message may
be displayed on the center of the user interface 1300 to
emphasize the message to the user A 120A. Alternatively
or in addition, and audio alert may be played to the user
A 120A, such as a beep or any other sound which may
capture the attention of the user A 120A.

[0123] Alternatively or in addition, the service provider
server 240 may also provide the user A 120A with user
interfaces for viewing the power layout of a data center
and/or workplace. The power layout may display the uti-
lization, on/off status and alerts for each technology com-
ponent represented in the power layout. The power lay-
out may also display the overall power consumed versus
the overall power delivered for each device, and the cor-
responding efficiency rating.

[0124] Alternatively or in addition, if the data center
and/or workplace utilize heating, the service provider
server 240 may provide a user interface for displaying a
heating layout of the data center and/or workplace. The
heating layout the may display the utilization, on/off sta-
tus and alerts for each technology component represent-
ed in the heating layout. The heating layout may also
display the overall power consumed versus the overall
heating delivered for each device, and the corresponding
efficiency rating. The heating layout may provide the user
A 120A with insight into when the heating units should
be turned on and/or off.

[0125] Fig. 14 illustrates a general computer system
1400, which may represent a service provider server 240,
or any of the other computing devices referenced herein.
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The computer system 1400 may include a set of instruc-
tions 1424 that may be executed to cause the computer
system 1400 to perform any one or more of the methods
or computer based functions disclosed herein. The com-
puter system 1400 may operate as a standalone device
ormay be connected, e.g., using a network, to other com-
puter systems or peripheral devices.

[0126] In a networked deployment, the computer sys-
tem may operate in the capacity of a server or as a client
user computer in a server-client user network environ-
ment, or as a peer computer system in a peer-to-peer (or
distributed) network environment. The computer system
1400 may also be implemented as or incorporated into
various devices, such as a personal computer (PC), a
tabletPC, a set-top box (STB), a personal digital assistant
(PDA), a mobile device, a palmtop computer, a laptop
computer, a desktop computer, a communications de-
vice, a wireless telephone, a land-line telephone, a con-
trol system, a camera, a scanner, a facsimile machine,
a printer, a pager, a personal trusted device, a web ap-
pliance, a network router, switch or bridge, or any other
machine capable of executing a set of instructions 1424
(sequential or otherwise) that specify actions to be taken
by that machine. In a particular embodiment, the com-
puter system 1400 may be implemented using electronic
devices that provide voice, video or data communication.
Further, while a single computer system 1400 may be
illustrated, the term "system" shall also be taken to in-
clude any collection of systems or subsystems that indi-
vidually or jointly execute a set, or multiple sets, of in-
structions to perform one or more computer functions.
[0127] As illustrated in Fig. 14, the computer system
1400 may include a processor 1402, such as, a central
processing unit (CPU), a graphics processing unit (GPU),
or both. The processor 1402 may be a component in a
variety of systems. For example, the processor 1402 may
be part of a standard personal computer or a workstation.
The processor 1402 may be one or more general proc-
essors, digital signal processors, application specific in-
tegrated circuits, field programmable gate arrays, serv-
ers, networks, digital circuits, analog circuits, combina-
tions thereof, or other now known or later developed de-
vices for analyzing and processing data. The processor
1402 may implement a software program, such as code
generated manually (i.e., programmed).

[0128] The computer system 1400 may include a
memory 1404 that can communicate via a bus 1408. The
memory 1404 may be a main memory, a static memory,
or a dynamic memory. The memory 1404 may include,
but may not be limited to computer readable storage me-
dia such as various types of volatile and non-volatile stor-
age media, including but not limited to random access
memory, read-only memory, programmable read-only
memory, electrically programmable read-only memory,
electrically erasable read-only memory, flash memory,
magnetic tape or disk, optical media and the like. In one
case, the memory 1404 may include a cache or random
access memory for the processor 1402. Alternatively or
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in addition, the memory 1404 may be separate from the
processor 1402, such as a cache memory of a processor,
the system memory, or other memory. The memory 1404
may be an external storage device or database for storing
data. Examples may include a hard drive, compact disc
("CD"), digital video disc ("DVD"), memory card, memory
stick, floppy disc, universal serial bus ("USB") memory
device, or any other device operative to store data. The
memory 1404 may be operable to store instructions 1424
executable by the processor 1402. The functions, acts
or tasks illustrated in the figures or described herein may
be performed by the programmed processor 1402 exe-
cuting the instructions 1424 stored in the memory 1404.
The functions, acts or tasks may be independent of the
particular type of instructions set, storage media, proc-
essor or processing strategy and may be performed by
software, hardware, integrated circuits, firmware, micro-
code and the like, operating alone orin combination. Like-
wise, processing strategies may include multiprocessing,
multitasking, parallel processing and the like.

[0129] The computer system 1400 may further include
adisplay 1414, such as aliquid crystal display (LCD), an
organic light emitting diode (OLED), a flat panel display,
a solid state display, a cathode ray tube (CRT), a projec-
tor, a printer or other now known or later developed dis-
play device for outputting determined information. The
display 1414 may act as an interface for the user to see
the functioning of the processor 1402, or specifically as
an interface with the software stored in the memory 1404
or in the drive unit 1406.

[0130] Additionally, the computer system 1400 may in-
clude an input device 1412 configured to allow a user to
interact with any of the components of system 1400. The
input device 1412 may be a number pad, a keyboard, or
a cursor control device, such as a mouse, or a joystick,
touch screen display, remote control or any other device
operative to interact with the system 1400.

[0131] The computer system 1400 may also include a
disk or optical drive unit 1406. The disk drive unit 1406
may include a computer-readable medium 1422 in which
one or more sets of instructions 1424, e.g. software, can
be embedded. Further, the instructions 1424 may per-
form one or more of the methods or logic as described
herein. The instructions 1424 may reside completely, or
at least partially, within the memory 1404 and/or within
the processor 1402 during execution by the computer
system 1400. The memory 1404 and the processor 1402
also may include computer-readable media as discussed
above.

[0132] The present disclosure contemplates a compu-
ter-readable medium 1422 that includes instructions
1424 orreceives and executes instructions 1424 respon-
sive to a propagated signal; so that a device connected
to a network 235 may communicate voice, video, audio,
images or any other data over the network 235. Further,
the instructions 1424 may be transmitted or received over
the network 235 via a communication interface 1418. The
communication interface 1418 may be a part of the proc-
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essor 1402 or may be a separate component. The com-
munication interface 1418 may be created in software or
may be a physical connection in hardware. The commu-
nication interface 1418 may be configured to connect with
a network 235, external media, the display 1414, or any
other components in system 1400, or combinations
thereof. The connection with the network 235 may be a
physical connection, such as a wired Ethernet connection
or may be established wirelessly as discussed below.
Likewise, the additional connections with other compo-
nents of the system 1400 may be physical connections
or may be established wirelessly. In the case of a service
provider server 240 or the content provider servers 110A-
N, the servers may communicate with users 120A-N
through the communication interface 1418.

[0133] The network 235 may include wired networks,
wireless networks, or combinations thereof. The wireless
network may be a cellular telephone network, an 802.11,
802.16, 802.20, or WiMax network. Further, the network
235 may be a public network, such as the Internet, a
private network, such as an intranet, or combinations
thereof, and may utilize a variety of networking protocols
now available or later developed including, but not limited
to TCP/IP based networking protocols.

[0134] The computer-readable medium 1422 may be
assingle medium, or the computer-readable medium 1422
may be a single medium or multiple media, such as a
centralized or distributed database, and/or associated
caches and servers that store one or more sets of in-
structions. The term "computer-readable medium" may
also include any medium that may be capable of storing,
encoding or carrying a set of instructions for execution
by a processor or that may cause a computer system to
perform any one or more of the methods or operations
disclosed herein.

[0135] The computer-readable medium 1422 may in-
clude a solid-state memory such as a memory card or
other package that houses one or more non-volatile read-
only memories. The computer-readable medium 1422
also may be a random access memory or other volatile
re-writable memory. Additionally, the computer-readable
medium 1422 may include a magneto-optical or optical
medium, such as a disk or tapes or other storage device
to capture carrier wave signals such as a signal commu-
nicated over a transmission medium. A digital file attach-
ment to an e-mail or other self-contained information ar-
chive or set of archives may be considered a distribution
medium that may be a tangible storage medium. Accord-
ingly, the disclosure may be considered to include any
one or more of a computer-readable medium or a distri-
bution medium and other equivalents and successor me-
dia, in which data or instructions may be stored.

[0136] Alternatively or in addition, dedicated hardware
implementations, such as application specific integrated
circuits, programmable logic arrays and other hardware
devices, may be constructed to implement one or more
of the methods described herein. Applications that may
include the apparatus and systems of various embodi-

10

15

20

25

30

35

40

45

50

55

19

ments may broadly include a variety of electronic and
computer systems. One or more embodiments described
herein may implement functions using two or more spe-
cific interconnected hardware modules or devices with
related control and data signals that may be communi-
cated between and through the modules, or as portions
of an application-specific integrated circuit. Accordingly,
the present system may encompass software, firmware,
and hardware implementations.

[0137] The methods described herein may be imple-
mented by software programs executable by a computer
system. Further, implementations may include distribut-
ed processing, component/object distributed processing,
and parallel processing. Alternatively or in addition, vir-
tual computer system processing maybe constructed to
implement one or more of the methods or functionality
as described herein.

[0138] Although components and functions are de-
scribed that may be implemented in particular embodi-
ments with reference to particular standards and proto-
cols, the components and functions are not limited to
such standards and protocols. For example, standards
for Internet and other packet switched network transmis-
sion (e.g., TCP/IP, UDP/IP, HTML, HTTP) represent ex-
amples of the state of the art. Such standards are peri-
odically superseded by faster or more efficient equiva-
lents having essentially the same functions. Accordingly,
replacement standards and protocols having the same
or similar functions as those disclosed herein are con-
sidered equivalents thereof.

[0139] The illustrations described herein are intended
to provide a general understanding of the structure of
various embodiments. The illustrations are not intended
to serve as a complete description of all of the elements
and features of apparatus, processors, and systems that
utilize the structures or methods described herein. Many
other embodiments may be apparent to those of skill in
the art upon reviewing the disclosure. Other embodi-
ments may be utilized and derived from the disclosure,
such that structural and logical substitutions and changes
may be made without departing from the scope of the
disclosure. Additionally, the illustrations are merely rep-
resentational and may not be drawn to scale. Certain
proportions within the illustrations may be exaggerated,
while other proportions may be minimized. Accordingly,
the disclosure and the figures are to be regarded as il-
lustrative rather than restrictive.

[0140] A computer-implemented method for assem-
bling a behavior model of a technology component may
include monitoring, by a processor, a technology com-
ponent over a period of time to determine a plurality of
parameter values associated with each state of a plurality
of states of the technology component.

The method may include processing, by the processor,
the plurality of parameter values associated with each
state in the plurality of states to determine a baseline
parameter value for each state in the plurality of states.
The method may include assembling, by the processor,
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a behavior model for the technology component, wherein
the behavior model comprises each state, the baseline
parameter value for each state, and an association be-
tween each state and the baseline parameter value for
each state. The method may include storing, by the proc-
essor in a data store, the behavior model of the technol-
ogy component.

[0141] Alternatively, or in addition, the method may in-
clude monitoring, by the processor, the technology com-
ponent to determine a current state of the technology
component and a current parameter value of the tech-
nology component, retrieving, by the processor, the be-
havior model of the technology component from the data
store, inputting, by the processor, the current operating
state to the behavior model to retrieve the baseline pa-
rameter value associated with the current operating
state, determining, by the processor, whether the current
parameter value of the technology component is within
a threshold of the baseline parameter value, and provid-
ing, by the processor, an alert to a device of a user if the
current parameter value of the technology component is
not within the threshold of the baseline parameter value.
[0142] Alternatively, or in addition, the current param-
eter value used in the method may include at least one
of a current power consumption value or a current tem-
perature value of the technology component. Alternative-
ly, orin addition, the plurality of states used in the method
may include at least one of an online state, an offline
state or a startup state. Alternatively, or in addition, the
processing step of the method may further include de-
termining, by the processor, a smoothed average of the
plurality of parameter values of each state in the plurality
of states to determine the baseline parameter value for
each state.

[0143] A computer-implemented method for assem-
bling a baseline power consumption model of a technol-
ogy component may include monitoring, by a processor,
a technology component over a period of time to deter-
mine a plurality of power consumption values associated
with the technology component operating in each state
of a plurality of states. The method may further include
processing, by the processor, the plurality of power con-
sumption values associated with each state in the plu-
rality of states to determine a baseline power consump-
tion value for each state in the plurality of states. The
method may further include assembling, by the proces-
sor, a baseline power consumption model for the tech-
nology component, wherein the baseline power con-
sumption model comprises each state, the baseline pow-
er consumption value for each state, and an association
between each state and the baseline power consumption
value for each state. The method may further include
storing, by the processor in a data store, the baseline
power consumption model of the technology component.
[0144] Alternatively, orin addition, the method may fur-
ther include monitoring, by the processor, the technology
component to determine a current power consumption
value and a current operating state of the technology
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component, retrieving, by the processor, the baseline
power consumption model of the technology component
from the data store, inputting, by the processor, the cur-
rent operating state to the baseline power consumption
model to retrieve the baseline power consumption value
associated with the current operating state, determining,
by the processor, whether the current power consump-
tion value is within a threshold of the baseline power con-
sumption value, and providing, by the processor, an alert
to a device of a user if the current power consumption
value of the technology component is not within the
threshold of the baseline power consumption value.
[0145] Alternatively, orin addition, the processing step
may include determining, by the processor, a smoothed
average of the plurality of power consumption values of
each state in the plurality of states to determine the base-
line power consumption value for each state. Alternative-
ly, or in addition at least one of the plurality of states may
be an online state. The technology component may op-
erate in the online state at a utilization value of a plurality
of utilization values and the plurality of utilization values
may represent a percentage of a resource of the tech-
nology component which is in operation. Alternatively or
in addition, the resource of the technology component
may include at least one of a memory resource or a cen-
tral processing unit resource.

[0146] Alternatively, orinaddition, the method may fur-
ther include monitoring, by the processor, the technology
componentover the period of time to determine a plurality
of power consumption values associated with the tech-
nology component operating at each utilization value in
the plurality of utilization values, processing, by the proc-
essor, the plurality of power consumption values associ-
ated with each utilization value in the plurality of utilization
values to determine a baseline power consumption value
for each utilization value of the plurality of utilization val-
ues, and assembling, by the processor, the baseline pow-
er consumption model for the technology component.
The baseline power consumption model may include
each utilization value, the baseline power consumption
value for each utilization value, and an association be-
tween each utilization value and the baseline power con-
sumption value for each state. The method may further
include applying, by the processor, each utilization value
and each baseline power consumption value to a curve
fitting algorithm to generate a continuous representation
of each baseline power consumption value as a function
of each utilization value, and assembling, by the proces-
sor, the baseline power consumption model for the tech-
nology component, wherein the baseline power con-
sumption model further comprises the continuous repre-
sentation of each baseline power consumption value as
a function of each utilization value. The curve fitting al-
gorithm may be at least one of a Gauss-Newton algorithm
or a linear least square method.

[0147] Alternatively, orinaddition, the method may fur-
ther include receiving, by the processor, an initial tech-
nology configuration of a data center, wherein the initial
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technology configuration comprises of a plurality of initial
technology components each initial technology compo-
nent being associated with a baseline power consump-
tion model, processing, by the processor, the baseline
power consumption model of each initial technology com-
ponentto generate aninitial power consumption estimate
of the data center over a period of time, and providing,
by the processor, a graph of the initial power consumption
estimate of the data center over a period of time. The
method may further include receiving, by the processor,
an energy saving initiative and a reduction factor from a
user, wherein the energy saving initiative provides a strat-
egy for reducing the initial power consumption estimate
of the data center by the reduction factor, processing, by
the processor, the initial technology configuration, the
energy saving initiative, and the reduction factor to de-
termine a recommended technology configuration capa-
ble of reducing the initial power consumption estimate
by the reduction factor, wherein the recommended tech-
nology configuration comprises of a plurality of recom-
mended technology components, each recommended
technology component being associated with a baseline
power consumption model, determining, by the proces-
sor, an recommended power consumption estimate of
the recommended technology configuration over the pe-
riod of time based on the baseline power consumption
model of each recommended technology component,
and providing, by the processor, a second graph display-
ing the initial power consumption estimate and the rec-
ommended power consumption estimate.

[0148] A system for assembling behavior models of
technology components may include a memory, an in-
terface, and a processor. The memory may be connected
to the processor and the interface and may store a be-
havior model of a technology component. The processor
may to monitor the technology component over a period
of time to determine a plurality of parameter values as-
sociated with each state of a plurality of states of the
technology component. The processor may process the
plurality of parameter values associated with each state
to determine a baseline parameter value for each state.
The processor may assemble the behavior model for the
technology component. The behavior model may include
each state, the baseline parameter value for each state,
and an association between each state and the baseline
parameter value for each state. The processor may store
the behavior model of the technology component in the
memory.

[0149] Alternatively, or in addition, the system may fur-
ther include an interface operatively connected to the
memory and the processor, and operative to communi-
cate with a device of a user. The processor may be further
operative to monitor the technology component to deter-
mine a current state of the technology component and a
current parameter value of the technology component,
retrieve the behavior model of the technology component
from the data store, input the current operating state to
the behavior model to retrieve the baseline parameter
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value associated with the current operating state, deter-
mine, whether the current parameter value of the tech-
nology component is within a threshold of the baseline
parameter value, and provide an alert to the device of
the user via the interface if the current parameter value
of the technology component is not within the threshold
of the baseline parameter value. The current parameter
value may be atleast one of a current power consumption
value or a current temperature value of the technology
component. The plurality of states may be at least one
of an online state, an offline state or a startup state. Al-
ternatively, or in addition, the processor may be further
operative to determine a smoothed average of the plu-
rality of parameter values of each state in the plurality of
states to determine the baseline parameter value for
each state.

[0150] The above disclosed subject matteristobe con-
sidered illustrative, and not restrictive, and the appended
claims are intended to cover all such modifications, en-
hancements, and other embodiments, which fall within
the true spirit and scope of the description. Thus, to the
maximum extent allowed by law, the scope is to be de-
termined by the broadest permissible interpretation of
the following claims and their equivalents, and shall not
be restricted or limited by the foregoing detailed descrip-
tion.

According to an aspect, a computer-implemented meth-
od for monitoring the energy efficiency of a technology
component comprises monitoring, by a processor, a
technology component to determine a current power con-
sumption value and a current operating state of the tech-
nology component; determining, by the processor, a
baseline power consumption value corresponding to the
current operating state of the technology component; de-
termining, by the processor, whether the current power
consumption value is within a threshold of the baseline
power consumption value; and providing, by the proces-
sor, an alert to a device of a user if the current power
consumption value of the technology component is not
within the threshold of the baseline power consumption
value. According to an example, the method may deter-
mine, by the processor, the baseline power consumption
value corresponding to the current operating state of the
technology component further comprises applying a de-
scriptor of the current operating state of the technology
component to a baseline power consumption model to
retrieve the baseline power consumption value corre-
sponding to the current operating state of the technology
component. According to an example, The baseline pow-
er consumption model of the technology component may
comprise the baseline power consumption value associ-
ated with a descriptor of each operating state of a plurality
of operating states of the technology component. Accord-
ing to an example, the plurality of operating states may
comprise at least one of an online state, an offline state,
or a startup state. According to an example, the threshold
may comprise an acceptable variance in the baseline
power consumption value of the technology component
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for the operating state. According to an example, the alert
may comprise at least one of an email, a short messaging
service message, a recorded voice message, or an in-
stant message. According to an example, the method
may further comprise providing, by the processor, a
graphical interface to the device of the user, wherein the
graphical interface includes a visual indication alerting
the user to the technology componentifthe current power
consumption value of the technology component is not
within the threshold of the baseline power consumption
value. According to an example, the technology compo-
nent may comprise of at least one of a server, a power
delivery unit, or a cooling unit. According to an example,
the baseline power consumption value may comprise a
power consumption value of a most energy efficient tech-
nology component capable of replacing the technology
component.

According to an aspect, a computer-implemented meth-
od for monitoring the energy efficiency of a technology
component comprises monitoring, by a processor, a
technology component to determine a current power con-
sumption value, a current operating state, and a current
utilization value of the technology component; determin-
ing, by the processor, a baseline power consumption val-
ue corresponding to the current operating state and the
current utilization value of the technology component;
determining, by the processor, whether the current power
consumption value is within a threshold of the baseline
power consumption value; and providing, by the proces-
sor, an alert to a device of a user if the current power
consumption value of the technology component is not
within the threshold of the baseline power consumption
value. According to an example, the method may further
comprise applying the current utilization value and the
current operating state to a baseline power consumption
model to retrieve the baseline power consumption value
corresponding to the current utilization value and the cur-
rent operating state of the technology component. Ac-
cording to an example, the baseline power consumption
model of the technology component may comprise the
baseline power consumption value associated with each
operating state of a plurality of operating states and each
utilization value of a plurality of utilization values of the
technology component. According to an example, the
threshold may comprise an acceptable variance in the
baseline power consumption value of the technology
component for the operating state and the utilization val-
ue.

According to an aspect, a computer-implemented meth-
od for monitoring the energy efficiency of a technology
component comprises identifying, by a processor, a
baseline power consumption model for a technology
component, the baseline power consumption model in-
cluding a plurality of operating state descriptors describ-
ing a plurality of operating states and a plurality of base-
line power consumption values, wherein each operating
state descriptor is associated with a baseline power con-
sumption value; monitoring, by the processor, a current

10

15

20

25

30

35

40

45

50

55

22

42

operating state and a current power consumption value
of the technology component; applying, by the processor,
a descriptor of the current operating state to the baseline
power consumption model to retrieve the baseline power
consumption value associated with the descriptor of the
current operating state;determining, by the processor,
whether the current power consumption value is within
a threshold of the baseline power consumption value;
and providing, by the processor, an alert to a device of
a user if the current power consumption of the technology
component is not within threshold of the baseline power
consumption value, According to an example, the meth-
od may further comprise determining, by the processor,
the threshold of the baseline power consumption value,
wherein the threshold describes an acceptable variance
in the baseline power consumption value of the technol-
ogy component for the operating state.

According to an aspect a computer-implemented method
for monitoring the behavior of a technology component
comprises monitoring, by the processor, a technology
component to determine a current operating state of the
technology component and a current parameter value of
the technology component; determining, by the proces-
sor, a baseline parameter value corresponding to the cur-
rent operating state of the technology component; deter-
mining, by the processor, whether the current parameter
value of the technology component is within a threshold
of the baseline parameter value; and providing, by the
processor, an alert to a device of a user if the current
parameter value of the technology component is not with-
in the threshold of the baseline parameter value. Accord-
ing to an example, the method may comprise determin-
ing, by the processor, the baseline parameter value cor-
responding to the current operating state of the technol-
ogy component further comprises retrieving, by the proc-
essor, the baseline parameter value corresponding to
the current operating state of the technology component
from a behavior model of the technology component. Ac-
cording to an example, the behavior model may comprise
the baseline parameter value associated with each op-
erating state of a plurality of operating states of the tech-
nology component. According to an example, the current
parameter value may comprise at least one of a temper-
ature value, a power consumption value, or a utilization
value.

According to an aspect, a system for monitoring the en-
ergy efficiency of a technology component comprises a
memory to store a baseline power consumption value for
each operating state in a plurality of operating states of
a technology component; an interface operatively con-
nected to the memory and operative to communicate with
adevice of auser; and a processor operatively connected
to the memory and the interface, the processor operative
to monitor the technology component to determine a cur-
rent power consumption value and a current operating
state of the technology component, determine the base-
line power consumption value corresponding to the cur-
rent operating state of the technology component, deter-
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mine whether the current power consumption value is
within a threshold of the baseline power consumption
value and provide an alert to a device of a user via the
interface if the current power consumption value of the
technology component is not within the threshold of the
baseline power consumption value. According to an ex-
ample, the processor may further be operative to apply
a descriptor of the current operating state of the technol-
ogy component to a baseline power consumption model
to retrieve the baseline power consumption value for the
current operating state of the technology component. Ac-
cording to an example, the baseline power consumption
model of the technology component may comprise the
baseline power consumption value associated with a de-
scriptor of each operating state of a plurality of operating
states of the technology component. According to an ex-
ample, the plurality of operating states may comprise at
least one of an online state, an offline state, or a startup
state. According to an example, the threshold may com-
prise an acceptable variance in the baseline power con-
sumption value of the technology component for the op-
erating state. According to an example, the alert may
comprise at least one of an email, a short messaging
service message, a recorded voice message, or an in-
stant message. According to an example, the processor
may further be operative to provide a graphical interface
to the device of the user via the interface, wherein the
graphical interface includes a visual indication of the
technology component if the current power consumption
value of the technology component is not within the
threshold of the baseline power consumption value. Ac-
cording to an example, the technology component may
comprise of a server, a power delivery unit, or a cooling
unit. According to an example, the baseline power con-
sumption value may comprise a power consumption val-
ue of at least one of a most energy efficient technology
component capable of replacing the technology compo-
nent or a historical technology component which was re-
cently replaced.

It should be understood that various modifications to the
aspects and/or the examples may be made. In particular,
one or more elements of one example and/or aspect may
be combined and used in other examples and/or aspects
to form new examples and/or aspects.

Claims

1. A computer-implemented method for monitoring the
energy efficiency of a technology component, the
method comprising:

monitoring, by a processor, a technology com-
ponent to determine a current power consump-
tion value and a current operating state of the
technology component;

determining, by the processor, a baseline power
consumption value corresponding to the current
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operating state of the technology component;
determining, by the processor, whether the cur-
rent power consumption value is within a thresh-
old of the baseline power consumption value;
and

providing, by the processor, an alert to a device
of a user if the current power consumption value
of the technology component is not within the
threshold of the baseline power consumption
value.

The method of claim 1 wherein determining, by the
processor, the baseline power consumption value
corresponding to the current operating state of the
technology component further comprises applying a
descriptor of the current operating state of the tech-
nology component to a baseline power consumption
model to retrieve the baseline power consumption
value corresponding to the current operating state
of the technology component.

The method of claim 2 wherein the baseline power
consumption model of the technology component
comprises the baseline power consumption value
associated with a descriptor of each operating state
of a plurality of operating states of the technology
component.

The method of claim 3 wherein the plurality of oper-
ating states comprises atleast one of an online state,
an offline state, or a startup state.

The method of anyone of the preceding claims,
wherein the threshold comprises an acceptable var-
iance in the baseline power consumption value of
the technology component for the operating state,
and/or wherein the alert comprises at least one of
an email, a short messaging service message, a re-
corded voice message, or an instant message.

The method of anyone of the preceding claims fur-
ther comprising providing, by the processor, a graph-
ical interface to the device of the user, wherein the
graphical interface includes a visual indication alert-
ing the user to the technology component if the cur-
rent power consumption value of the technology
component is not within the threshold of the baseline
power consumption value.

The method of anyone of the preceding claims,
wherein the technology component comprises of at
least one of a server, a power delivery unit, or a cool-
ing unit, and/ or wherein the baseline power con-
sumption value comprises a power consumption val-
ue of a most energy efficient technology component
capable of replacing the technology component.

A computer-implemented method for monitoring the
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energy efficiency of a technology component, the
method comprising:

monitoring, by a processor, a technology com-
ponent to determine a current power consump-
tion value, a current operating state, and a cur-
rent utilization value of the technology compo-
nent;

determining, by the processor, a baseline power
consumption value corresponding to the current
operating state and the current utilization value
of the technology component;

determining, by the processor, whether the cur-
rent power consumption value is within a thresh-
old of the baseline power consumption value;
and

providing, by the processor, an alert to a device
of a user if the current power consumption value
of the technology component is not within the
threshold of the baseline power consumption
value.

The method of claim 8 further comprising applying
the current utilization value and the current operating
state to a baseline power consumption model to re-
trieve the baseline power consumption value corre-
sponding to the current utilization value and the cur-
rent operating state of the technology component.

The method of claim 9 wherein the baseline power
consumption model of the technology component
comprises the baseline power consumption value
associated with each operating state of a plurality of
operating states and each utilization value of a plu-
rality of utilization values of the technology compo-
nent.

A computer-implemented method for monitoring the
energy efficiency of a technology component, the
method comprising:

identifying, by a processor, a baseline power
consumption model for a technology compo-
nent, the baseline power consumption model in-
cluding a plurality of operating state descriptors
describing a plurality of operating states and a
plurality of baseline power consumption values,
wherein each operating state descriptor is as-
sociated with abaseline power consumption val-
ue;

monitoring, by the processor, a current operat-
ing state and a current power consumption value
of the technology component;

applying, by the processor, a descriptor of the
current operating state to the baseline power
consumption model to retrieve the baseline
power consumption value associated with the
descriptor of the current operating state;
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determining, by the processor, whether the cur-
rent power consumption value is within a thresh-
old of the baseline power consumption value;
and

providing, by the processor, an alert to a device
of a user if the current power consumption of the
technology component is not within threshold of
the baseline power consumption value.

A computer-implemented method for monitoring the
behavior of a technology component, the method
comprising:

monitoring, by the processor, a technology com-
ponent to determine a current operating state of
the technology component and a current param-
eter value of the technology component;
determining, by the processor, a baseline pa-
rameter value corresponding to the current op-
erating state of the technology component;
determining, by the processor, whether the cur-
rent parameter value of the technology compo-
nent is within a threshold of the baseline param-
eter value; and

providing, by the processor, an alert to a device
of a user if the current parameter value of the
technology component is not within the thresh-
old of the baseline parameter value.

The method of claim 12 wherein determining, by the
processor, the baseline parameter value corre-
sponding to the current operating state of the tech-
nology component further comprises retrieving, by
the processor, the baseline parameter value corre-
sponding to the current operating state of the tech-
nology component from a behavior model of the
technology component.

The method of claim 12 or 13, wherein the current
parameter value comprises at least one of a temper-
ature value, a power consumption value, or a utili-
zation value.

A system for monitoring the energy efficiency of a
technology component, the system comprising:

a memory to store a baseline power consump-
tion value for each operating state in a plurality
of operating states of a technology component;
an interface operatively connected to the mem-
ory and operative to communicate with a device
of a user; and

a processor operatively connected to the mem-
ory and the interface, the processor operative
to monitor the technology component to deter-
mine a current power consumption value and a
current operating state of the technology com-
ponent, determine the baseline power con-
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sumption value corresponding to the current op-
erating state of the technology component, de-
termine whether the current power consumption
value is within a threshold of the baseline power
consumption value and provide an alert to a de-
vice of a user via the interface if the current pow-
er consumption value of the technology compo-
nent is not within the threshold of the baseline
power consumption value.
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